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This demonstration is part of a Tank Automotive Research, Development, and Engineering Center (TARDEC) program to qualify alternative fuels for use by the Army and Department of Defense (DoD) in military ground vehicles (tactical/combat) and equipment. This demonstration was conducted at Camp Grayling, Michigan as a joint effort by TARDEC and the Army National Guard (ARNG) / Michigan National Guard (MING). TARDEC participation was spearheaded by the National Automotive Center (NAC) in coordination with the Fuels and Lubricants Technology Team (FLTT).
In addition, the Navy provided a portion of the alternative fuel utilized in this demonstration because the ground vehicle and equipment technologies involved are similar to those found in Navy (Marine Corps) fleets. 
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I. PURPOSE
The purpose of the demonstration was to capture "real-world" vehicle data and perceptions of military personnel while a variety of tactical ground vehicles and equipment were operated on a candidate "drop-in" alternative fuel for the Single Battlefield Fuel, JP-8. The candidate drop-in fuel is a blend of up to 50% by volume of Hydroprocessed Esters and Fatty Acids Synthetic Paraffinic Kerosene (HEFA SPK) and JP-8. The results from this demonstration will augment a significant number of other evaluations already completed to establish this biofuel as a viable drop-in fuel to replace petroleum-based JP-8. A list of reports on TARDEC evaluations completed through September 2012 on HEFA SPK, and also very similar SPK produced via the Fischer-Tropsch (FT) process, are provided in Appendix A. Additional reports will become available in the future for the TARDEC evaluations still in progress. Also, there are numerous, publically available reports on evaluations of HEFA SPK and FT SPK fuel blends completed by the Air Force, Navy, and commercial aviation stakeholders.
II. BACKGROUND
The DoD Operational Energy Strategy, issued for the first time in a May 2011 report, makes it clear that DoD needs to diversify its energy sources as part of better assuring a supply of energy for military missions.
[1] The Army Energy Security Implementation Strategy, issued in January 2009, identifies the increased use of alternative energy as one of five Army energy security goals. [2] Army, Air Force, and Navy efforts to qualify and approve alternative jet fuels to replace petroleumbased "Single Battlefield Fuel", specifically JP-8, JP-5, and/or additized Jet A-1, for use by the military directly support these operational energy strategies. In addition, these efforts can contribute to national goals such as reducing dependence on petroleum, lowering emissions of greenhouse gases, and stimulating innovation in the civilian sector.
The Air Force alternative fuels goal is to be prepared to acquire half of its domestic aviation fuel requirement via a cost competitive alternative fuel blend by 2016. [3] The Navy demonstrated a "Great Green Fleet" via a Carrier Strike Group that operated on HEFA-based blends of JP-5 (Navy "JP-8") and F-76 (marine diesel fuel) during the Rim of the Pacific (RIMPAC) exercise in the summer of 2012. The Navy goals are to sail a Great Green Fleet on these alternative fuel blends by 2016 and to use alternative sources for half of all energy consumption afloat by 2020. [4] The Army will demonstrate a Green Warrior Convoy in the spring of 2013 that will include a mix of tactical vehicles operating on an alternative fuel replacement for JP-8. [5] Alternative fuels for use in military weapons platforms and vehicles must be "drop-in" replacements for currently used fuels.
[1] A drop-in replacement fuel is said to be "transparent to the user" in that it:
 Meets fuel performance requirements  Requires no change to aircraft or ship  Requires no change to infrastructure  Can be mixed or alternated with petroleum fuel TARDEC is conducting the program to qualify and approve drop-in replacements for JP-8 for use in Army/DoD tactical and combat ground vehicles and tactical ground equipment. The first two candidate drop-in alternative fuels are progressing through qualification concurrently; both fuels are blends of up to 50% by volume of Synthetic Paraffinic Kerosene (SPK) and JP-8. One SPK is manufactured via a Fischer-Tropsch (FT) process, and the other is manufactured from Hydroprocessed Esters and Fatty Acids (HEFA). The concurrent qualification of these two fuel blends is possible because of their compositional similarity to one another.
Qualification and approval of a new fuel is addressed through a standardized process that is common amongst the Tri-Services (Army, Air Force, and Navy). A series of evaluations are completed to assess the capability of the candidate alternative fuel as a drop-in replacement for the currently used fuel. Standardized and/or controlled testing is conducted and the data generated is analyzed to determine what, if any, additional testing is required. The initial testing generates data about the candidate fuel itself, such as its chemical composition and physicochemical properties, its compatibility with materials in military equipment, and its environmental and health impacts. Additional testing is typically completed to evaluate the performance and/or durability impacts the candidate fuel may have on subsystems, such as fuel pumps or engines, or on systems, such as generators or vehicles, when they are operated on the fuel.
If, as these above evaluations are nearing completion, they indicate that the candidate fuel is very likely a drop-in capable replacement fuel, it is time to consider a less controlled evaluation or demonstration. It is just such the case that brought TARDEC to the point to initiate this demonstration of the HEFA SPK/JP-8 fuel blend with the support of the Army MING at Camp Grayling.
III. APPROACH
A total of 10,000 gallons of HEFA SPK/JP-8 fuel blend was delivered to Camp Grayling for the purpose of this demonstration. Selected Army MING units conducted this demonstration of the fuel over a two week period, on a non-interference basis, during the course of their annual summer training exercise. Army MING units operated a variety of tactical ground vehicles and other tactical equipment they brought with them from their home installations using the alternative fuel blend. Participating units generated data about the use of this fuel based on what they normally record regarding their training activities. In addition, TARDEC created a photo record of the demonstration, as well as a written record to capture Soldier feedback about the operation and performance of their equipment while operating on the fuel.
IV. RESULTS
HEFA SPK/JP-8 Blend Demonstrated
The 10,000 gallons of HEFA SPK/JP-8 fuel blend was delivered to Camp Grayling in two tanker truck loads of approximately 5,000 gallons each. The properties of the delivered fuel blend are shown in Tables B-1 and B-2, Appendix B, for the 1  st and 2 nd tanker truck deliveries, respectively. The first tanker truck delivered the fuel to the Camp Grayling Joint Maneuver Training Center on 14 June 2012, while the second tanker truck arrived on 25 June 2012. Both deliveries of fuel represent a fuel blend created by blending in as close to the maximum volume of HEFA SPK allowed per the JP-8 specification, specifically 50% by volume, while allowing for some slight deviation from the specification on two other properties -aromatic content and density. In actual practice, the volume of HEFA SPK blended in might be less than the 50% maximum limit in order for the blend to meet all of the specification requirements, particularly for minimum density of 0.775 kg/L, minimum aromatic content of 8.0% vol, and minimum Derived Cetane Number (DCN) of 40.
Environment
Records of TARDEC assigned personnel that traveled to Camp Grayling in support of the demonstration indicated that:
"The Camp Grayling location is in the mid part of lower Michigan, the area is very sandy with surrounding trees and hills. The Forward Operating Base (FOB) area was mostly flat and sandy. The training lanes started out in a hilly wooded area with sand roads and ended in a flat open sandy area." "Weather during the training and evaluation was typical for spring and summer in Michigan. Highs for the day went from 72°F to almost 100°F and lows went from 41°F to 68°F, there was a bit of rain but there were no severe storms."
Participating Army MING Units and Equipment
The HHC 272nd, 1225th, 146 MMB, 1171 ASMC, and 238th, units of the 272nd Regional Support Group, participated in the demonstration. Each unit conducted their entire training event, 17-29 June 2012, with equipment they brought with them from their home bases and using the HEFA SPK/JP-8 fuel blend. A total of 223 military equipment items were powered by the HEFA SPK/JP-8 fuel blend. Figure 1 shows the breakout of this equipment according to its Army Program Manager (PM) affiliation. The equipment was affiliated with PEO CS&CSS, PEO C3T, and PEO Aviation, with the majority of equipment affiliated with PEO CS&CSS.
Figure 1 • Equipment Density by PM Affiliation
Shown in Table 1 is a breakdown of equipment types that were powered by the HEFA SPK/JP-8 fuel blend. In addition, Table C-1 in Appendix C provides a more detailed breakdown of the equipment. 
PM Aviation
Soldier Feedback on Equipment Performance
The Soldiers provided feedback on the performance of their equipment near or at the end of their training event. This feedback was collected by TARDEC assigned personnel that engaged with Soldiers directly to hear from them what they observed and perceived regarding equipment performance when using the HEFA SPK/JP-8 fuel blend. The MING units routinely use diesel fuel rather than jet fuel (JP-8), so some of the feedback focused on performance differences between the use of diesel fuel and jet fuel. As a result of analyzing the feedback, it was determined that it could be separated into three categories: positive or negative performance feedback, and feedback on diesel-to-jet fuel comparisons. This report focuses on the positive and negative performance feedback only as the diesel-to-jet fuel comparison feedback is outside of the scope of this demonstration; further explanation is provided below. Table 2 provides a summary of the Soldier feedback based on observable equipment performance while operated on the HEFA SPK/JP-8 fuel blend. • Up-armored HMMWVs (12) got most use on 4-mile track with plenty of stop-start
• Medical vehicles had no issues, heated and cooled as needed, worked just fine
• Some fuel filters had to be replaced (switching from diesel to jet fuel) • Higher fuel consumption; fuel seems to "burn quicker"
• Less horsepower • Slower acceleration • Fuel seems to "burn hotter"
Negative
Comparisons of Performance (Diesel-to-Jet Fuel)
A few fuel pump issues
V. DISCUSSION
Equipment Performance -Positive Feedback
The positive feedback received on observed equipment performance focused on ground vehicles and this would be expected for a couple of reasons. First, of the total 223 equipment items that were powered with the HEFA SPK/JP-8 fuel blend, 83% of them were tactical ground vehicles. Second, ground vehicles put the fuel "to test" as a propulsive power energy source, rather than only as an energy source for stationary or auxiliary power generation. There was only one reported issue with one HMMWV (not up-armored) -its fuel pump had to be replaced twice. There is no way to know if the root cause of this fuel pump issue could be partly or entirely attributed to the fuel. However, it is reasonable to think that since there were no other reported fuel pump issues on the other 93 HMMWVs involved in the demonstration, that it is very unlikely that the fuel was the root cause of this one fuel pump issue.
Although HMMWVs (94) were by far the majority share of wheeled vehicles involved in the demonstration, there was also other on-/off-road equipment including Standard Aircraft Towing System (1), Crane-7.5T (1), and Forklift-10K (3). There were no reported issues with the performance of this other equipment. The fact that only one of the 99 total items of on-/off-road equipment, or 1%, had any reported performance issue at all during this demonstration is a positive indicator as to the "drop-in" capability of the HEFA SPK/JP-8 fuel blend.
Equipment Performance -Negative Feedback
All of the negative feedback on equipment performance during the demonstration had to do with fuel pumps. In one case only was poor fuel pump performance related to on-/off-road equipment, namely one HMMWV, as previously discussed. The remainder of reported poor fuel pump performance related to small-scale generators, specifically mechanical fuel injection pumps in 3-kW or smaller sized generators. The observation was that "small-scale mechanical pumps" were shutting down because of overheating.
The Line Item Numbers (LINs) or National Stock Numbers (NSNs) for this affected equipment were not provided, and therefore identification of the specific fuel injection systems involved is not possible. What was identified was that there were a total of 14 generators involved in the demonstration, although what they were specifically powering is not identified. Several other equipment items were identified that would typically be powered by a generator. However, all of these except possibly the Very Small Aperture Terminal (VSAT) are powered by generators larger than 3-kW size. Counting the specific generators identified, and also the equipment items typically powered by generators, there is a total of 33 items. The types and numbers of these items, denoted as "stationary equipment items" for the purposes of this report, are shown in Figure 2 .
Assuming that the only small-scale mechanical pumps that were affected were in the 3-kW generators identified as equipment items, then only 3% of the total equipment items (18% of the total stationary equipment items) had observed negative performance during the demonstration. Figure 3 shows a breakdown of the equipment items with observed negative performance as a percentage of the total equipment items and total stationary equipment items. There is no way to know if the root cause of the issue with the small-scale mechanical fuel injection pumps could be partly or entirely attributed to the fuel. The condition of the generators, and the frequency of their operation prior to the demonstration is not known. The performance of their pumps, under the same exact duty cycle (generator load, ambient temperature, solar loading, etc.), may or may not be different when operating on other fuels such as typical (petroleum-based) JP-8 or even diesel fuel. However, it is reasonable to think that these pumps, under the same exact duty cycle, would perform the same, that is just as poorly, when operating on JP-8. This is because the chemical composition and properties of the HEFA SPK/JP-8 fuel blend are so similar to JP-8. Table 3 provides a comparison, for some key properties, between the two loads of HEFA SPK/JP-8 delivered to Camp Grayling versus all the JP-8 batches procured by the Defense Logistics Agency worldwide during 2011. The properties for JP-8 are shown in terms of the minimum and maximum measured values, and the weighted mean values, across all batches. As the data in Table 3 shows, the property values for the HEFA SPK blends are very similar to the weighted mean JP-8, and they all fall within the range of values, or not far outside them, for each property found amongst all the batches of JP-8. In terms of qualifying the HEFA SPK blends for Army/DoD use in tactical generator sets, TARDEC is conducting more controlled testing to evaluate performance of fuel injection pumps and generators. In contrast, the evaluation at Camp Grayling was not controlled at all, and thus such an evaluation does not present the opportunity for a complete technical assessment. Nonetheless, this evaluation of the biofuel blend demonstrated at Camp Grayling is an important type of evaluation in the qualification of a drop-in fuel. 
Comparisons of Performance (Diesel-to-Jet Fuel)
Jet fuel is an aviation-grade kerosene consisting of a distribution of hydrocarbons mostly in the C 8 -C 16 boiling range. On the other hand, diesel fuel is a middle-distillate consisting of a distribution of hydrocarbons mostly in the C 9 -C 23 boiling range. The variation in the composition of jet fuel and diesel fuel, most notably the prevalence of higher molecular weight C 17 -C 23 hydrocarbons in diesel fuel but not jet fuel, is the reason these fuels are different. These differences in composition mean these fuels have different physical properties, and thus equipment that is operated on one or the other may have different performance. All of the Soldier feedback that focused on the differences they observed or perceived between equipment performance on jet fuel (the demonstration fuel) versus diesel fuel (their normal fuel) is attributable to the relationships between fuel properties and diesel engine (and fuel pump) performance. These relationships have been exhaustively studied and reported on over a number of years, and still are studied today. The discussion of the fuel propertyengine performance relationships is outside the scope of this report.
VI. CONCLUSIONS & RECOMMENDATIONS
The demonstration of the HEFA SPK/JP-8 fuel blend at Camp Grayling was successful in that throughout its duration, no significant or unexpected issues arose with vehicles or other equipment that operated on the biofuel. The annual summer training exercises of Army MING units conducted at the Joint Maneuver Training Center at Camp Grayling provided an excellent venue and opportunity to get fuel into the "hands of the user" to capture "real world" data and Soldier feedback. 
APPENDIX A
List of TARDEC Reports on Evaluations of SPK (FT and HEFA) Blends
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Properties of Demonstration Fuel
